Abstract -The stress inside the film or substrate can be evaluated by the Stoney's formula and its modified/extended formula, which links the curvature to the stress state inside the composite. However, the Stoney's formula and its modified/extended formula assume the rigid interface, which allows no interfacial slip. The compliance of interface results in an interfacial slip, which can significantly affect the distribution of stress inside the film and substrate. The interface layer with the effect of interfacial slip plays the vital role of stress transfer between the film and substrate. The curvatures of film and substrate are shown to be different in general with the presence of interfacial slip and deviate significantly from that predicated by the models of rigid interface. This could be a serious error source when using the models of rigid interface to evaluate the stress inside the film or substrate, especially when the dimension of the composite is the order of several microns. A model which extends the application of Stoney's formula to the case of composite with interfacial slip is presented.
I. INTRODUCTION
The rigid interface model (also called ideal interface [1, 2] , perfectly bonded interface [3] or coherent interface [4] ), which allows no interfacial slip is a strong constraint condition because the strains inside two solid phases separated by an interface can be independent [4] . During the fabrication and processing of film-substrate layered structures, such as chemical vapour deposition, wafer bonding, sputtering, doping/diffusion, implantation, thermal annealing process, heteroepitaxial film growth etc., defects like dislocation, twin, cavities etc appear. Therefore, the interface may not be composed of 100% well-fused bonds. The formation of amorphous layer and dangling bonds in some regions between the two phases also result in the weakly bonded interface areas. All these above will reduce the overall interface adhesion for sure [5] . Both experiment and theoretical analysis show that the analysis of rigid interface model errors more and more when the size of film-substrate composite shrinks in micron order [1, 2] .
Almost all solid-state electronic components have the basic structure of a substrate as platform supporting various thin film structures [6] . Stress is of a great concern for the reliability of those composite structures [6, 7] . As the material properties of film and substrate such as Young's modulus, lattice parameters, coefficients of thermal expansion may be different and also due to the stress build-up during fabrication and processing, the stress inside the film and substrate can be different and result in the deflection of composite structure to relax stress [8] . The following Stoney's 1909 formula [9] serves the cornerstone of relating the stress/force inside film to the curvature of a composite structure 6f cst = 2 hs Es (1) Kst is the curvature and f is the force per unit length inside film (when the film is very thin, f is the surface stress [10] ).
hs is the substrate thickness and Es is the substrate effective Young's modulus. The applicability of above Stoney formula relies on several assumptions, which are well summarized by Freund et al. [11] Many models are developed to relax one or some of the assumptions to extend Stoney formula to a more generalized and realistic application, for example, by considering the effects of thin substrate thickness [11, 12, 13 ], large deformation [11] , nonisotropic stress [14] , temperature gradient [15] , stress gradient [12, 16] , residual axial force, boundary conditions, length [10, 17] , diffusion effect [18] , plastic deformation [19] . However, all the analyses above deal with the scenario of ideal interface, i.e. no interfacial slip. During their derivation, the condition of no interfacial slip is either explicitly enforced by the compatibility/continuity condition at the interface [13, 15] or implicitly used by assuming one single strain/displacement variable for both film and substrate layers [10, 11, 12, 14, 16, 17, 18, 19] Fig. 1(a) 
u, (x, z) and u2 (x, z) are the longitudinal displacements of the film and substrate. As shown in Fig. 1(a (9) d6ro(x) Go0c d4_o (x) + Fob d2ro(x) dx6 ii dx4 i dx2 (10) GOE(bc -a 2)-co(x) = 0. a and b are defined as follows (1 1 Solving (14) and (15) is a relatively lengthy and complex and here the solution process is omitted. The reader can find the detailed derivation process in reference [2] and [8] .
Here it is worth mentioning that though the interfacial stresses appear decoupled in (14) and (15), a, (x) and TO (x) are actually coupled [2, 8] . The curvatures of the film and substrate layers are found as follows
In general, with the interfacial slip, Kf . Ks In the case of ideal interface in (13) , Klf = A = KT .
III. RESULTS AND DISCUSSION

C. S-L Model ofNon-ideal Interface
The S-L model [2, 8] is adopted here to study the interfacial slip effect. In the S-L model, an interfacial layer is assumed. The interfacial normal stress (Co (x) ) and shear stress ( TO (x) )) due to interfacial slip is illustrated in Fig.  1(b) . Here the detailed derivation for this particular problem can not be given due to the limitation of presentation space.
But its derivation is similar to the very detailed derivation presented by Murray and Noyan for the problem induced by the thermal expansion [2] . The two governing equations for the interfacial stresses are as follows Here the film is Germanium with E = 105.08 GPa, VI= 0.26 and af = 0.56574 nm; the substrate is Silicon with E2 = 150 GPa, V2=0.17 and a, =0.54306nm [12] . Cm *4%. The interface layer is assumed isotropic, so Go = Eo / 2(1 + va) [2] . VO is the Poisson's ratio of the interface layer and assumed VO = 0.2. Here the relatively compliant interface layer parameters are taken; two cases of E / 77 = 2 x 1016 Pa/m and 2 x1017 Pa/m are studied comparatively. The curvatures of the film and substrate of the S-L model are calculated from (17) and (18) . The curvatures of the Timoshenko model for the film and substrate are the same. As indicated in (13) , the curvature of the Timoshenko model is fixed when the dimensions are fixed. In Fig. 2 --Ec/i=2X1O0 parameters ( i.e. Eo, Go and 77) [1, 2] , so the thickness of 0~~~~~~-0.03 both the film and substrate is changed in Fig. 3 to show the effect of layer dimensions. In Fig. 3 While, the strain in those with non-ideal interfaces at the interface is discontinuous. Clearly, as seen from Fig. 4, for larger Eo /17 , the strain discontinuity is less. When Eo / q approaches infinity, the interface is rigid and the discontinuity vanishes. The analysis presented is an analysis on the pure bending of a composite. The interfacial slip results in the discontinuity of the strains inside both the film and substrate. Therefore, the bending moment due to the strain distribution is different from that of ideal/rigid interface, which finally leads to the different curvatures.
Iv. CONCLUDING REMARKS
The curvature of non-ideal interface varies with the structure length and differs from that of ideal interface. Therefore, the evaluation of stress state inside the structure based on the measured curvature and the model of ideal interface can result in serious error without properly evaluating the interface state. Eo / 77 and Go / 77 are the fitting parameters in the S-L model to be varied to fit the experimental data. Once, the proper Eo / 7 and Go / 7 are chosen, (17) and (18) extend the Stoney formula to the application of the composite with interfacial slip.
